Two methods, slide agglutination (Griffith) and type-specific precipitin tests (Lancefield), are now being;used for routine typing of Group A streptococci. Agglutination as a means of type differentiation was first established on a firm basis by Dochez, et al. (1919) . It was not, however, until Griffith (1926 published his work on slide agglutination that interest in typing hemolytic streptococci became widespread. Previously, macroscopic agglutination tests had been employed in studying streptococci; but the difficulties encountered in obtaining stable, diffuse suspensions had prevented their general use. Griffith's method not only reduced these difficulties but also the time and material required.
ELMA KRUMWIEDE EXPERIMENTAL METHODS
Preparation of agglutinating and precipitating sera Strains of known types for immunizing rabbits were either obtained from Dr. Griffith or had been checked by him.
Preparation ofvaccines. 100 ml. of broth warmed to 37°C. was inoculated with 30 ml. of rapidly-growing young culture. After 3 hours incubation the culture was killed by adding sufficient boiling physiological saline to bring the temperature to 56°C. and was then maintained at this temperature in a water bath for 15 minutes. The vaccine was centrifuged and resuspended in 125 ml. of physiological saline.
Immunization of rabbits. Rabbits were immunized over a period of from 8 to 10 weeks with vaccines prepared from young heat-killed cultures. Matt or mucoid variants were used in preparing all vaccines since the primary objective of the immunization of rabbits was the preparation of anti-M precipitating sera. Agglutinating sera were often obtained, not only from rabbits who showed an anti-M precipitin response but also from those in whose sera no type-specific precipitins were demonstrable. Following an initial injection of 1 ml. of vaccine the dose was gradually increased until the rabbits received as much as 8 to 16 ml in a single injection. The rabbits were injected on three successive days each week for three weeks and then bled four days following the last injection. Thereafter they received injections five days a week on alternate weeks; and test bleedings were taken four days following the last injection of each weekly series. The serum was tested for agglutinins and for anti-M precipitins. When the test bleeding showed a 2 to 3 plus reaction with the homologous M extract, or a slide agglutination titer of 1:80 or higher, large bleedings were taken the following day. All sera were absorbed before use.
Absorption of sera Sera for slide agglutination. It was usually found that agglutinating sera warranted absorption only if the titer for the homologous type was higher than that for any heterologous type. A strain of type 24 (Griffith, Sylvia Turton) which had lost its type-specificity was used for absorption. Three to four parts of undiluted serum were absorbed with one part of heat-killed organsmsM for 2 hours at 370C. In most instances, absorptions were repeated until the sera no longer agglutinated suspensions of type 24. They were then tested against several representative strains of all known types and absorbed with those heterologous strains which were agglutinated. From one to nine absorptions were necessary to remove all cross reactions for stock cultures. In many instances, multiple absorptions with a single type were required. A number of the recently prepared sera were found to be satisfactory after a single absorption with living cultures. Therefore, a few of these sera were absorbed with both living and heat-killed microorganisms. The results suggested that a single absorption with living cultures was as effective as multiple absorptions with heat-killed microorganisms of the same type. Sera for slide agglutination were 118 on September 23, 2017 by guest http://jb.asm.org/ Downloaded from diluted 1: 5 or 1:10, depending upon the titer of the sera after absorption. Those sera which were absorbed with living cultures were filtered through a Seitz filter.
Sera for precipitin tests. Four parts of serum were mixed with one part of packed heat-Willed Group A streptococci of a heterologous type, incubated for 2 hours at 370C., stored in the ice box overnight, and centrifuged the following day. To determine their specificity, the absorbed sera were tested with homologous M extracts from which the Group A carbohydrate had been removed by alcohol precipitation, with heterologous M extracts, and with Group A carbohydrate. When non-specific precipitins were found following a single absorption, the serum was reabsorbed. OccasionaRly a serum, which showed strong reactions with a number of heterologous M extracts, failed to react with the homologous M extract after absorption, hence was discarded. Serum from which all non-specific precipitins had been removed were filtered through a Seitz filter; then merthiolate was added in a final concentration of 1:10,000.
It was suggested by Eisman (1940) that a single lot of microorganisms could be employed for several absorptions. After being used, the bacterial sediment was washed twice, resuspended in physiological saline, and heated in a water bath at 10000. for 1 hour in order to destroy any antibody adhering to the bacterial cell. Although bacteria heated in this manner did not prove wholly satisfactory in absorbing sera for the slide agglutination reaction, it was found that they could be used as often as five times in absorbing sera for the precipitin reaction.
Slide agglutination
Suspensions for slide agglutinations were prepared from cultures grown 18 hours either in meat-infusion neopeptone broth with 0.1 per cent NaHPO4 or in Griffith's trypsin broth (Pauli and Coburn, 1937) . The organisms were packed by centrifugation, the supernatant was poured off, and the bacterial sediment was broken up with a capillary pipette. Drops of the suspension were placed on a slide divided into approximately quarter inch squares with a china marking pencil. The sera2 were added and mixed with a 1 mm. 28 gauge platinum loop. The slide was rotated, examined with a hand lens, and the agglutination was recorded. When no agglutination occurred, the suspension was stored at room temperature and retested the following day. In many cases, agglutination of a culture appeared to be inhibited by a capsular substance whicl; could be removed by aging at room temperature (Keogh and Simmons, 1940) . When a suspension was granular or tended to agglutinate spontaneously, a number of methods were employed in an attempt to obtain workable suspensions. In some instances, satisfactory results were obtained by short periods of incubation or rapid transplants of the cultures; in others, by growing the cultures in broth containing 10 per cent horse serum or 10 per cent active trypsin (Coburn and O'Connell, 1939) .
ETLMA KRUMWIEDE Precipitin tets
Mextractswere prepared from the sediment of cultures grown 18hours in500 ml. of broths (Lancefield, 1928 (Lancefield, 1933) before attempts were made to type them. Polysaccharide extracts were prepared by extraction with either hydrochloric acid (Lancefield) or with formamide (Fuller, 1938) .
TYPE DETERNINATIONS
Attempts were first made to type all Group A strains by the slide agglutination method. M extracts were prepared from strains which showed positive agglutination reactions; and precipitin tests were set up with anti-sera for the corresponding types. Since 1939, whenever a strain could not be typed by this procedure, precipitin tests were done with all types for which sera were available. While several factors may be responsible for the agglutination reaction a single antigen, the M substance, is responsible for the type-specific precipitin reaction which parallels the protective antibody response. Therefore, whenever the results obtained by slide agglutination and precipitin tests differed, type determinations were based upon the precipitin reaction. To date, only one strain of Group A hemolytic streptococcus has been reported in which type determination based upon the agglutination reaction differs from that based upon the precipitin reaction (Lancefield, 1940) . In the course of this study two groups of strains which appeared to contain the M substance characteristic of one type and the T substance characteristic of another were encountered. These strains have been designated type 10-12 and type 27 (M485).
Type 10-12 Six strains were isolated which appeared to be type 12 by agglutination and type 10 by precipitin test. At the time of their isolation, no type 12 precipitating serum was available. Subsequently, however, a type 12 precipitating serum was obtained from Lederle Laboratories. This serum was indistinguishable from type 10 by precipitin test but was specific for type 12 by agglutination. This group of strains is being studied by Watson and Lancefield (1940) .
Type 27 (M485) Hemolytic streptococci which were agglutinated by type 27 serum were isolated from 72 children. Sixty-two strains were isolated in the winter of (Kuttner and Krumwiede, 1941) (Kuttner and Krumwiede, 1941; Kuttner and Reyersbach, 1943 Repeated absorption had weakened the sera for types 14, 18, and 19. Furthermore, it had been impossible to remove all non-specific agglutinins from many of the sera. Agglutination reactions were therefore considered non-specific when a strain, belonging to a type for which the agglutinating serum was weak, was agglutinated only by a serum known to contain non-specific antibodies.
Strains agglutinated by serum of two or more types Many investigators have noted the tendency of some types to show cross reactions when tested by slide agglutination. Plummer (1941) and Rudd, et al. (1939) had difficulty in distinguishing between types 17 and 23, Neisser (1939) and Coburn and O'Connell (1939) Type 4 (ppt.), 26 (ppt.) and prov. type 46 (ppt.) form a second group of organisms which appear to contain a common agglutinogen (Plummer, 1941; Rantz, 1942 
Unclassified 8trains
Forty-nine strains could not be identified by the precipitin reaction with any of the anti-M sera available (table 4) . Twenty-nine of these strains were agglutinated consistently by sera for one or more types. It is not known whether these strains contain little or no M substance or represent organisms containing an unidentified M substance in combination with a known T substance.
One strain was agglutinated strongly by type 1 serum. The organism formed glossy colonies and probably contained little M substance.
Five strains were agglutinated by sera for types 4, 24, and 26. The strength of the reactions with the different sera varied in different tests. The type 26 reaction was encountered least often and was weakest. One of these strains was isolated from a carrier who subsequently developed pharyngitis due to type 4 (ppt.).
Six strains were agglutinated by types 11, 27, and 28. Since these strains failed to react with type 27 (M485) or type 28 anti-M sera, and because reliable type 11 anti-M serum was not available, they could not be identified satisfactorily. One of these strains was isolated from a carrier who subsequently developed pharyngitis due to type 27 (M485). Since both strains were agglutinated by sera for types 11 and 27, they were difficult to differentiate on the basis of the slide agglutination reaction. A type 27 serum, however, prepared with a strain of type 27 (M485) failed to agglutinate the carrier strain.
Two strains (155K and 426S) were agglutinated by type 12 serum. Extracts of these cultures failed to react with antisera for the M substance common to types 10 and 12. Sera from a rabbit immunized with one of these strains showed specific agglutinins but no anti-M precipitins. Slide agglutination tests with dilutions of this serum and two other type 12 sera were done using suspensions of strains 155K, 426S, type 12 (SF42) and heterologous types. Strains 155K and 426S were indistinguishable from type 12. Although no reciprocal absorptions have been done, these strains have been classed as type 12 (agg.). They probably contain the T substance characteristic of type 12, and may either have an M substance distinct from that found in type 10-12 or be essentially glossy forms deficient in M substance.
Since no reliable type 13 precipitating serum for confirmatory tests was available, five strains which were agglutinated by type 13 serum have been tentatively designated type 13 (agg. Unreliable agglutination reactions were often due to sera which had been weakened by repeated absorption and to sera from which all non-type-specific agglutinins had not been removed. The later sera led to false results with three groups of strains: recently isolated strains which appeared to contain larger proportions of non-specific antigen than the stock strains, strains belonging to provisional new types, and strains which were tested repeatedly because they appeared to be inagglutinable. Cross reactions with strains belonging to provisional new types were due to the fact that these types had not been established at the time the sera were absorbed. Therefore, these cross reactions were not eliminated. It was found that unless the presence of capsules interfered with agglutination, non-specific reactions were as apt to be encountered as were specific reactions when repeated attempts were made to agglutinate apparently inagglutinable strains. Unreliable results were also encountered when cultures were 128 on September 23, 2017 by guest http://jb.asm.org/ Downloaded from grown in broth containng active trypsin. While such growth was of help in obtaining agglutination with some strains, this procedure often induced nonspecific reactions. Keogh and Simmons (1940) are also of the opinion that unreliable results may be obtained by this method.
It is generally recognized that certain types show a greater tendency to cross reactions than others, and that reciprocal absorption of sera for these types may remove type-specific as well as non-type-specific agglutinins. Plummer (1941) has suggested that some types are closely related in their agglutination reactions and may therefore be grouped together. Since the typing of Group A streptococci is of value not only in the study of streptococcal epidemics but also in the study of streptococcal immunity, it is advisable to differentiate all types carefully even though some may be closely related. In most instances this may be done on the basis of the M-precipitin reaction which closely parallels the protective antibody response. During the course of this study some children developed infections due to hemolytic streptococci showing agglutination patterns similar to those encountered with strains they had previously carried. In each instance, although the carrier strain could not be identified, precipitin tests showed that it did not contain the M substance present in the strain isolated during infection. Since anti-M precipitins and protective antibody response correlate, differentiating such strains on the basis of the anti-M precipitin reaction is important in studying streptococcal immunity. Moreover, while combining two or more types, such as types 4, 24, 26 and prov. type 46, may not necessarily detract from the value of individual epidemiological studies, it makes comparison of the results of different investigators unsatisfactory. For example, reports from various localities of a number of epidemics due to types 4-24-26 may lead to the assumption that a single type is causing a widespread epidemic, when, in reality, four types (4, 24, 26 and prov. type 46) may be responsible for scattered outbreaks.
Many of the unreliable and equivocal results encountered with slide agglutination reactions are eliminated by use of the type-specific precipitin test. This test not only removes the problems presented by granular and inagglutinable cultures but also makes it possible to differentiate those types which appear to contain closely related agglutinogens. Sera for use in the precipitin test require fewer absorptions and may be more accurately tested for non-type-specific reactions than those used for slide agglutination. Furthermore, correlation of anti-M precipitins and protective antibodies makes the precipitin test of greater value in studying streptococcal epidemiology. The simplicity of absorbing sera for the precipitin reaction, however, does not eliminate the need for testing each new lot of serum against extracts of all known types and of setting up adequate controls.
Although the precipitin test is of greater value than slide agglutination, the former cannot at present completely replace the latter. Glossy strains can seldom be typed by the precipitin reaction since they contain little or no M substance. Although glossy epidemic-inducing strains have not been reported, complete epidemiological studies require the typing of all carrier strains. Furthermore, large quantities of media and sera are required for routine typing by the precipitin reaction, and to date it has been found impossible to prepare reliable
